Abstract. The antioxidant and antidiabetic activities of aqueous and the hydroethanolic extracts of C. jagus were investigated on diabetic rats MACAPOS 1. Diabetes was induced on 6-8 weeks old wistar rats with high sugar diet (HSD) associated, one month after the beginning of the HSD, with dexamethasone (DXM) injection (25 µg/kg once every 2 days during 3 weeks). During 50 days, diabetic rats orally received Metformine (38 mg/kg bw), C. jagus hydroethanolic (75, 150 mg/kg bw) or aqueous (150 mg/kg bw) extracts. Treatment with extracts caused significant (P< 0.01) decrease in fasting glycemia, creatinemia, proteinuria, urine volume with concomitant increase in creatinuria, proteinemia, superoxide dismutase, catalase and thiol proteins. C. jagus extracts restored the imbalance of seric and urinary electrolytes, and significantly (P<0.01) increased peripheral sensibility to pain; the hydroethanolic extract was, in a dose dependant manner, more effective than aqueous extract and metformine. These results indicated that C. jagus extracts could possess antioxidant and antidiabetic activities on MACAPOS 1 diabetic rats, and could also improve renal and neurological diabetes damage. The results thus support the use of C. jagus in African folk medicine, mostly in diabetes mellitus treatment and likely its complications.
Introduction
Diabetes is considered to be one of the five leading causes of death worldwide. The number of people suffering from this disease worldwide is increasing at an alarming rate and the developing countries are the most affected. In the world, 382 million people have been diagnosed with diabetes in 2013 and 592 million people could have the disease by the year 2035. In Cameroon, about 498 thousands adults between 20 -79 years old were estimated with diabetes in 2013 representing 5.90 % of total diabetic potential in the world [1] .Diabetes is a non-communicable disease characterized by chronic hyperglycemia associated with carbohydrate, protein and fat disordered metabolism resulting from completed or relative defects in insulin secretion and insulin action or both [2, 3] . It is a pathologic condition, associated with the generation of reactive oxygen species (ROS) which causes oxidative damage to heart, kidney, eyes, nerves, liver, blood vessels, immunological and gastrointestinal system [4] . Hyperglycemia not only generates more ROS, but also attenuates antioxidative mechanisms through nonenzymatic glycosylation of antioxidant enzymes. The elevated ROS and the simultaneous decline in antioxidative defense mechanisms observed in uncontrolled hyperglycemia condition could lead to the development of serious complications such as: cardiovascular diseases, retinopathy, nephropathy and neuropathy [4, 5] . As the knowledge of diabetes heterogeneity increases, more appropriate therapy is needed. Then, treating both oxidative stress and hyperglycemia together may be the benefic approach to regress diabetes and its complications. Although quite effective, current diabetes clinical treatment methods can have undesirable side effects and contraindications. In addition, continuous use of current medications may constitute an economic burden on the user [6] . Traditional antidiabetic plants might provide new oral antidiabetic compounds which can counter the high cost and poor availability of the current medicines for many rural populations in developing countries [7] . Crinum jagus (Amaryllidaceae) is a plant widely used in Africa as antitumoral, antiviral, antiparasitary and immunostimulator. It is also used against mental trouble and snake bite [8] . According to traditional medicine practitioners in the Western Region of Cameroon, this plant is used as antidiabetic, antiobesity, antidiarrheoal remedy and also against poison. To ascertain the folkloric claim of antidiabetic use of this plant, the present study was designed to investigate Antidiabetic and antioxidant activities of Crinum jagus (aqueous and hydroethanolic extracts) on diabetic rats MACAPOS 1.
Material and Methods

Plant extracts
Fresh Crinum jagus plants were collected from Batié (Western Region of Cameroon) during the month of April. The species was confirmed bythe National Herbarium of Yaounde (Cameroon), with the voucher specimens HNC 14049. The whole plant was cleaned, sliced into small pieces, shade dried and powdered. This powder was subjected to aqueous and hydroethanolic extractions.For each extract, 500 grams of the powder were macerated in 3 L of boiled water or ethanol/water (1:4) mixture, for 48 hours (with occasional stirring)at room temperature. After filtration, the water filtrate was dehydrated in a hot air oven; the residue was re-macerated for 48 hours, filtered and dehydrated and the whole dried aqueous extract obtained was weighed (91.4 g). The residue of the ethanol/water mixture, after filtration, was re-macerated for 48 hours and filtered. The 2 filtrates were pooled, concentrated in a rotary evaporator at 40°C and dehydrated to yield 145.8 g of dry dark hydro-ethanolic extract.The hydroethanolic and aqueous extracts were kept in a well-closed container under refrigerated conditions until use.
Animals of experiment
For the experiment Male albino Wistar rats (6-8 weeks old) were raised in the animal house of the Faculty of Science of the University of Yaounde I (Cameroon) under natural conditions of light and temperature, with free access to water and regular rodent chow. The animals were acclimatized to laboratory condition for one week before the experimentstarts. Before testing the blood glucose level, the rats were fasted overnight but had free access to water. Animal housing and in vivo experiments were performed according to the Guidelines of the European Union directive on Ethical Evaluation of Animal Experiments (CEE Council 86/609) [9] and ethically approved by the Institutional Committee of the Ministry of Scientific Research and Innovation of Cameroon.
Diabetes induction
To induce type 2 diabetes, the rats were submitted to high sugar diet (HSD), also received per os 0.8 g/kg of dextrose (GwaudanLaviretteetCie, Glucose pure Anhydre) and 4 g/kg of sucrose (SOSUCAM, Bandjock-Cameroon) every two days [10] . In order to reduce the duration of diabetes induction, the animals received, one month after the beginning of HSD, the dexamethasone (DXM: 25 µg/kg bwi.m.of Dexamethasone RotexMedica Laboratory, Germany) once every 2 days during 3 weeks. After 10 weeks of diet, the animals with fasting total blood glycemia≥ 126 mg/dLwere considered as diabetic and were selected for the next stage of experiment.
Antidiabetic activity of the plant extracts
The rats were divided into 6 groups of 5 animals each: normal controls (NC), diabetic controls (DC), diabetic rats treated with Metformine(38 mg/kg bw: Met38), diabetic rats treated with 75, 150 mg/kg bw of C. jagushydroethanolic extract (Cjh75,Cjh150)and diabetic rats treated with 150 mg/kg bw of C. jagus aqueous extract (Cja150). The animals were treated once dailyby International Journal of Pharmacology, Phytochemistry and Ethnomedicine Vol. 5 intra-gastric gavages for 50 consecutive days. During the treatment, fasting glycemia was estimated at the beginning and every ten days. At the end of the experimental period, all the rats were fasted over 24 hours placed individually on metabolic cages. Urines were collected in tubes containingxylol, quantified and used for biochemical analyses (total proteins, creatinin, ions). Under mild ether anaesthesia, all the rats were thereafter sacrificed. Blood was collected into heparinised and centrifuge tubes. The collected blood from heparinised tubes was use for the preparation of hemolysates and the one from centrifuge tubes was allowed to clot during 5 minutes, then centrifuged (3000 rpm,10 min) for serum separation. Clear serum obtained was used for biochemical analyses (total protéins, créatinin, ions, thiol proteins, and catalase). The kidney was excised immediately, thoroughly washed in ice cold saline and used for the preparation of tissue homogenates.
-Blood glucose levels Blood glucose level was measured at the beginning of the experiment and after every 10 days, using a glucometer Glucoplus TM . Blood sample was obtained from the tail tip of fasted rats.
-Renal function
In serum and 24 hours collected urine, creatinin, sodium, potassium, chloride, magnesium, and calcium ions were estimated by colorimetric methods with commercially available test kits according to the manufacturer's recommendations (Fortress diagnostic UK). Seric and urinary total protein was determined by the Biuret method using Fortress test kit. All these parameters were quantified through the absorbance of the sample and standard, using UV-visible spectrophotometer (Genway, 6505 UV-visible).
-Peripheral and central neurogenic pathological changes
At the end of treatment, the peripheral and central neurogenic attack was evaluated by the pain sensibility of the rats using the analgesimeter and tail flick tests respectively [11] . In analgesimeter test, the animal right posterior leg was placed on a gradual and constant pressure apparatus (UGO BASILE analgesimetre, 16 g/s). The pain was induced by increasing pressure until animal retracts its leg to escape from pain.
To evaluate the central neurogenic attack, pain was induced in animals by immersing two-third of the tail in water bath at 55º ± 1ºC. The running time from the beginning of immersion to the thoroughly retract of animal tail from water bath was measured (the latency of tail flick).
Antioxidant activity and biochemical analysis
At the end of the treatment, antioxidant enzymes (SOD, catalase) activity, thiol proteins and total proteins were determined in kidney homogenates, hemolysat and serum. To prepare tissue homogenate, kidney was homogenized in 50 mM Tris-HCl buffer (pH7.4), and then centrifuged (10,000 rpm, 15 min); the supernatant obtained was used for various biochemical estimations. Hemolysate was prepared from heparinized blood as follow: 2 mL of saline solution were added to 100 µL of blood, then centrifuged (3400 rpm, 5 min) and the supernatant separated from the clot. The process was repeated till the supernatant became clear, then 2 mL of distilled water were added to clot and centrifuged (15000 rpm, 30 min); the supernatant obtained was used as hemolysate to estimate antioxidant enzymes activity [12] . Superoxide dismutase (SOD) activity was determined according to the method of Mirsa and Fridovich [13] . Catalase activity was assayed using the method of Sinha [14] .Thiol proteins content was measured using Ellman's method [15] .Tissue total protein concentration was estimated by the Biuret method using Fortress test kit.
Statistical analysis
The results are expressed as mean ( X ) ± standard error of mean (S.E.M). The results were statistically analyzed by one way analysis of variance (ANOVA) associated with Turkey test followed by Dunnett test, using the computer GraphpadInstat Software. The difference between and within various groups was significant with P< 0.05.
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Results
Crinum jagus aqueous andhydroethanolic extracts effects (Figure 1 ).
-Renal function
Diabetes induced significant (P< 0.01) total proteinemia and creatininuria decrease, creatininemia, urine volume and total proteinuria increase ( Figure 2 ). NC: normal control rats; DC: diabetic control rats; diabetic rats treated with C. jagus hydroethanolic extract 75 mg/kg (Cjh75), 150 mg/kg (Cjh150), C. jagus aqueous extract 150 mg/kg (Cja150) and metformine 38 mg/kg bw (Met). n=5 rats/group. Significant difference: *p< 0.05,**p< 0.01 compared to NC; b p< 0.01 compared to compared to DC.
-Peripheral and central neurogenic pathological changes
In analgesimeter test, the pressure at which animal retracted its leg to escape from pain (force) remarkably increased in DC (+93%). In diabetic rats treated with extract or metforminethe force significantly (P< 0.01) decreased and was comparable to NC value ( Figure 3A (Figure 3B ). 
-Antioxidant parameters
Discussion
The present work designed to investigate antioxidant and antidiabetic activities of Crinum jagus extracts on diabetic ratsMACAPOS 1. Diabetes was induced by high sugar diet (HSD) associated with dexamethasone (DXM) injection [16] . Hyperglycemia provoked by the combined effect of HSD and DXM was associated withSericCa 2+ and Mg 2+ decrease.More than metformin, C. jagus extract significantly decreasesglycemia of diabetic rats to normal valuesassociated with the significant increase of seric Ca 2+ and Mg 2+ . This result suggested that, like metformin, extracts might not only decrease hepatic glucose production, and ameliorate the peripheral insulin sensitivity [17] , but could also act by many other means than metformin. This result also led us to think that, extract could increase insulin secretion by increasing calcemia. Insulin secretion is a calcium dependant process [18] . When blood glucose levels increase, the glucose is transported inside with help of GLUT-4 transporters. This result confirmed, as suggested in previous work, that Crinum jagus extract might stimulate the release of insulin as glibenclamide [16] . Furthermore, calcium is important for insulin mediated intracellular processes in insulin responsive tissues. It is important for insulin receptor phosphorylation and proper signal transduction, and thus optimal GLUT-4 transporter activity [18] . Magnesium is also involved at multiple levels in insulin secretion, binding and activity [19] . Low magnesium in diet leads to impaired insulin secretion and action [20] . The increase of seric calcium and magnesium by Crinum jagus extracts might be very benefic for the decrease of diabetic glycemia and consequently for the treatment of diabetes. The glycemia decrease activity of different extracts could result from some antidiabetic chemical compounds found in those extracts such as polyphenol, flavonoid, triterpen, saponnin, antocyan, coumarin [7, 21, 22, 23] . Either singly or in synergy with one another, the above mentioned components could have been responsible for the observed significant glycemia decrease activity of these extracts.
Negative fluctuation of protein, creatinin, electrolytes levels in serum and urine, observed in diabetic rats might result from kidney defect functional due to the hyperglycemia. Hyperglycemia induces microvascular degeneration which could affect kidney glomerula and capillary system and consequently might negatively affect the filtration, reabsorption and secretion functions of the kidney [24] . This could explain the increase of proteinuriaand creatinemia, decrease of creatinuria and proteinemia, and ionic imbalance observed in diabetic rats; indicating renal function impairment in diabetic rats MACAPOS-1. Treatment of diabetic rats with aqueous, hydroethanolic extract or metformin restored those parameters. The highest effect was observed with hydroethanolic extract. Increased proteinuria typically reflects the presence of advanced lesions in kidney disease [25] . The hyper creatinemia could result from a diminished renal function as creatinin is excreted by the kidney; this is known to be indicative of the injury of the nephrons [26] . The decrease of seric creatinin and urinary protein by C. jagus extracts led to think that C. jagus could ameliorate kidney damage which is one of diabetes complications, and thus, could indicate a nephroprotective effect of these extracts. 98 % of Ca 2+ filtered in glomerula is reabsorbed in kidney tubula [27] . Peritubular capillaries degeneration altered the tubular reabsorption and consequently, decreases seric ions levels. Calcemia decrease was associated with calciuria increase in diabetic rats. The increase of calcemia and decrease of calciuria by extracts could be linked to the restoration of tubular reabsorption function of the kidney. Besides, extracts could have alsoachieved this result by affecting the secretion or activity of parathyroid hormone which increases the renal tubular reabsorption of Ca 2+ and promotes intestinal calcium absorption [28] . So the extracts increased the seric Na + , Cl -, Ca 2+ and Mg 2+ in diabetic rats, probably by improving the kidney tubular reabsorption. The excellent recovery of renal function expected with treatment of extracts could be due to the normal glycemia recovery of diabetic rats. Sustained hyperglycemia is the main cause of the changes in kidney function in diabetes mellitus [29] . Both seric and urine electrolytes were restored to normal levels by C. jagus extracts in similar manner to metformine.
Hyperglycemia in diabetic patients can increase the levels of free radicals [30] . Significant decrease of the superoxide dismutase (SOD), catalase and thiol proteins observed on the diabetic rats indicated the poor antioxidant defense system of those animals [31] . That decrease of SOD,
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catalase and thiol proteins may be due to enhanced free radical generation in diabetes. Furthermore, free radical mediated oxidative stress has been implicated in the pathogenesis of diabetes and its complications [32] . The SOD and the catalase (CAT) are the 2 major scavenging enzymes that remove toxic free radical in vivo. SOD protects tissues against oxygen free radical by catalyzing the removal of superoxide radical, converting it into hydrogen peroxide and molecular oxygen. The CAT intervenes in the reduction of hydrogen peroxide to water and oxygen thus protects the tissues from oxidative damage produced by hydrogen peroxide [33] . Thiol proteins play a major role in maintaining the antioxidant statue of the body. They are the major antioxidants in the body fluids which are known to reduce highly reactive free radical, thus protecting the biomolecules [30] .
Oxidative stress is associated with diabetes. In induced diabetes rats MACAPOS1, the decrease of SOD and catalase activity in hemolysate and kidney, and the decrease of seric thiol proteins may result in a number of deleterious effects due to the accumulation of superoxide anion, hydrogen peroxide and many others reactive free radical. Moreover, the increase of reactive oxygen species generated in chronic renal failure patients are believed to decrease the thiol proteins; and yet the decrease of thiol proteins increases renal failure severity [32, 34] . Little more than metformine and the aqueous extract, the hydroethanolic extract of C. jagus significantly increased SOD, catalase and thiol proteins in a dose dependent manner. Antioxidant capacities of the C. jagus extracts could be linked to their phytochemical components such as polyphenols, flavonoids, antocyanes, tannins which have antioxidant properties, and could confirm the in vitro antioxidant activities of the extracts [21] . In diabetic rats, the hyperglycemia might be the cause of peripheral and central neurological defects decreasing the sensibility to pain induced by pressure and by heat respectively. Neurological defects in diabetes include nerve conduction defects seen in different regions of the body [35] . Peripheral and central neurological sensibility decreased in diabetic rats, indicating respectively affect of those animals. In diabetes, diseases nerve affected not only the commonly peripheral nerves but also the cranial and the autonomic nerves. This could lead to the loss of sensation in the legs [24] . The significant increase of neurological sensitivity by the C. jagus extracts could be due to glycemia decrease. Besides, 2 alcaloides (hamayne and lycorine) extracted from C. jagus bulb inhibit acetylcholine esterase activity [36] . The combined effect of this inhibitory activity and calcemia increase, largely contribute to increase available acetylcholine; thus, increase not only the velocity of neurological transmission, but also hypoglycemia activity. Acetylcholine is a hypoglycemic neurotransmitter of parasympathic nervous system. The improvement of neurological sensibility might also be due to the antioxidant properties of the extracts since glucotoxicity in neurons leads to an increase in reactive species production [37] .
Conclusion
The results showed that, both aqueous and hydroethanolique extracts of C. jagushave antioxidant, antidiabetic, antinephropathic and antineuropathicactivities in MACAPOS-1 induced diabetic rats. This finding justifies the use of the plant in traditional medicine for diabetes treatment. Hydroethanolic extract which effects were higher than aqueous extract could be use for the development of a standardized phytomedicine for the treatment of diabetes mellitus and more over its complications.
